Contact effects in spin transport along double-helical molecules by Guo, Ai-Min et al.
ar
X
iv
:1
40
5.
45
88
v1
  [
co
nd
-m
at.
me
s-h
all
]  
19
 M
ay
 20
14
Contact effects in spin transport along double-helical molecules
Ai-Min Guo,1, ∗ E. Dı´az,2, ∗ C. Gaul,3 R. Gutierrez,4 F. Domı´nguez-Adame,2 G. Cuniberti,4, 5, 6 and Qing-feng Sun7, 8
1Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China
2GISC, Departamento de F´ısica de Materiales, Universidad Complutense, E-28040 Madrid, Spain
3Max Planck Institute for the Physics of Complex Systems, 01187 Dresden, Germany
4Institute for Materials Science, Dresden University of Technology, 01062 Dresden, Germany
5Center for Advancing Electronics Dresden, TU Dresden, 01062 Dresden, Germany
6Dresden Center for Computational Materials Science, TU Dresden, 01062 Dresden, Germany
7International Center for Quantum Materials, School of Physics, Peking University, Beijing 100871, China
8Collaborative Innovation Center of Quantum Matter, Beijing 100871, China
We report on spin transport along double-helical molecular systems by considering various contact
configurations and asymmetries between the two helical strands in the regime of completely coherent
charge transport. Our results reveal that no spin polarization appears in two-terminal molecular
devices when coupled to one-dimensional electrodes. The same holds in the case of finite-width elec-
trodes if there is a bottleneck of one single site in the system electrode–molecule–electrode. Then,
additional dephasing is necessary to induce spin-filtering effects. In contrast, nonzero spin polariza-
tion is found in molecular devices with multiple terminals or with two finite-width electrodes, each
of them connected to more than one site of the molecule. Then, the magnitude of spin polarization
can be enhanced by increasing the asymmetry between the two strands. We point out that the
spin-filtering effects could emerge in double-helical molecular devices at low temperature without
dephasing by a proper choice of the electrode number and the connection between the molecule and
the electrodes.
PACS numbers: 72.25.-b, 73.63.-b, 87.14.gk, 87.15.Pc
I. INTRODUCTION
Recent experiments on spin transport along DNA
molecules have made an important breakthrough in
molecular spintronics.1–3 Go¨hler et al. reported that the
electrons transmitted through self-assembled monolayers
of double-stranded DNA (dsDNA) at room temperature
were highly polarized and that the spin polarization in-
creased with the DNA length, while spin-dependent ef-
fects were not observed in single-stranded DNA (ssDNA)
monolayers.1 Later on, by measuring charge transport
in a two-terminal setup, Xie et al. further substantiated
that single dsDNA molecules can act as very efficient
spin filters.2 Very recently, Mishra et al. also found spin-
dependent effects in the system of single-helical bacte-
riorhodopsin on gold and aluminum substrates.4 These
experimental works have been generating intense inter-
est in the organic spintronics based on helical molecules.
From the theoretical side, Guo and Sun5–7 and Gutier-
rez et al.8,9 proposed minimal model Hamiltonian ap-
proaches to rationalize spin selectivity. Both approaches
relied on the basic assumption that a helical electric field,
mirroring the helical symmetry of the molecular systems,
could be the source of a spin-orbit coupling (SOC) con-
tribution, thus relating spin propagation and helical sym-
metry.
While the above theoretical approaches were more ap-
propriate for describing a charge or spin transport set-
up, earlier investigations addressed the problem from the
point of view of scattering theory, which is more suit-
able for the photoemission experiments,1 where the mov-
ing charges are not probing the molecular orbital struc-
ture of the system due to their higher energies (above
the vacuum level). Thus, Yeganeh et al. studied the
transmission of spin-polarized electrons through helically
shaped potentials,10 but found a very weak effect for re-
alistic model parameters. These studies were extended in
Ref. 11 to include decoherence effects within the frame-
work of scattering theory.
More recently, Gersten et al. suggested that the role of
SOC in the metallic substrate should also be taken into
account.12 They showed that an interplay of strong sub-
strate SOC and molecular helical symmetry could also
induce spin selectivity. Eremko and Loktev considered
an incoming electron in a pure spin state and its re-
flection and transmission across a helical potential; they
analytically provided the spin polarization of the trans-
mitted electron.13 We also mention studies by Vager and
Vager relating spin-dependent effects to the presence of
bound states in charge motion along a curved path.14 In-
dependently of the specific details of the proposed models
and of the experimental setups, all studies listed above
clearly agree in suggesting that the helical symmetry of
the probed molecules is a key ingredient in inducing spin-
selective electron transmission.15
Turning again to the electrical transport experiments,2
it is well-known from the field of molecular electronics
that the molecule-electrode interface plays a critical role
in determining the electrical response of the system (see,
e.g. Ref. 16). Generally speaking, the contacts can be
classified into two categories. Firstly, a contact can be
realized through physical adsorption of the molecule to
the electrodes (physisorption). For instance, the two ter-
minals of the molecule can be directly deposited on the
electrodes,17,18 or they can be attracted to the nanoparti-
2cles of the metal electrodes by electrostatic trapping.19,20
In this case, several sites of the molecule may be attached
to the electrodes with finite cross-section. Secondly, the
contact can be also achieved through chemisorption be-
tween the molecule and the electrodes mediated e.g., by
thiol groups.21–24 Such chemical contacts favor repro-
ducible results and may not mask the intrinsic switch-
ing properties of the molecule.16 In this second category,
there is usually one site of the molecule connected to the
electrodes.
Motivated by these issues, we explore in this paper the
spin transport properties of double-helical (DH) molecu-
lar systems by considering various contact configurations
in the fully coherent charge transport regime. Our re-
sults show a fundamental distinction for different con-
tacts. The spin polarization turns out to be exactly zero
in two-terminal molecular devices when they are coupled
to one-dimensional (1D) electrodes or if only a single site
at each edge of the molecule is attached to an electrode
with finite cross-section. In this case, dephasing is a
necessary ingredient to induce the spin-filtering effects.
Contrarily, nonzero spin polarization appears in a multi-
terminal set-up, or a two-terminal one with more than
one site of the molecule connected to each finite-width
electrode. Additionally, we also investigate the influence
of the asymmetry between the two helical chains of the
molecule and find that the magnitude of spin polarization
could be enhanced by increasing this asymmetry. We re-
mark that these results are consistent with the main con-
clusions in Refs. 5 and 9. We finally point out that the
spin-filtering effects could emerge in the DH molecular
devices, e.g., dsDNA devices, at low temperature with-
out dephasing by properly tuning the electrode number
and the connection between the molecule and the elec-
trodes.
The rest of the paper is organized as follows. In Sec. II,
the theoretical model and the parameters are presented.
In Secs. III and IV, we investigate the conductance and
the spin polarization for the two- and the multi-terminal
set-up with 1D electrodes. The study of the two-terminal
set-up with finite-width electrodes is found in Sec. V
and its particular situation with bottleneck in Sec. VI.
Finally, a brief summary is presented in Sec. VII.
II. MODEL AND PARAMETERS
Spin transport along the DH molecule can be described
by the Hamiltonian H = Hm +Hec, where Hm and Hec
describe the DH molecule and the electrodes including
the molecule-electrode coupling, respectively. The DH
molecule is represented by a two-leg ladder model25,26
including the SOC term and can be expressed as5
Hm =
2∑
j=1
{ N∑
n=1
εjc
†
jncjn+
N−1∑
n=1
[
iγjc
†
jn(σ
(j)
n + σ
(j)
n+1)cjn+1
+ tjc
†
jncjn+1 +H.c.
]}
+
N∑
n=1
[
λc†1nc2n +H.c.
]
, (1)
where c†jn = (c
†
jn↑, c
†
jn↓) and cjn = (cjn↑, cjn↓)
⊺ are, re-
spectively, the creation and annihilation operators at site
{j, n} of the DH molecule whose length is N . Here, j
labels the helical chain, n is the site index within a sin-
gle chain, and ⊺ means the transpose. εj is the on-site
energy, γj is the SOC strength, and tj (λ) is the intra-
chain (interchain) hopping integral. Finally, the term
σ
(j)
n+1 = σz cos θ− (−1)
j sin θ[σx sin(n∆ϕ)−σy cos(n∆ϕ)]
with σx,y,z the Pauli matrices, θ the helix angle, and
∆ϕ the twist angle between successive base pairs.5 Note
that if the factor (−1)j is dropped in the expression of
σ
(j)
n , the electronic states along the two helical strands
j = 1, 2 of the Hamiltonian (1) can alternatively be in-
terpreted as being two different electronic states along a
single-stranded molecule. In this case, this model would
be similar to that formulated in Ref. 9. We remark how-
ever, that the factor (−1)j changes the symmetry of the
system and thus the behavior of the spin polarization is
not exactly the same.
For the sake of clarity, the electronic parameters are
regarded as uniform along each helical chain of the DH
molecule. Here, let us focus on the DNA molecule as an
example. It is well established that the double-helical
structure of the DNA molecule is constructed by four
nucleobases—guanine (G), adenine (A), cytosine (C),
and thymine (T)—based on the complementary base-
pairing rule. Since both the structures and the num-
ber of atoms of these nucleobases are different from each
other, there may exist asymmetries in the electronic pa-
rameters between the two DNA strands, as demonstrated
from first-principles calculations.27–29 Therefore, we em-
ploy an additional parameter x to describe this asymme-
try. Some of the electronic parameters are fixed to be
ε1 = 0, ε2 = 0.3, t2 = 0.1, λ = −0.08, and γ1 = 0.01,
in units of eV, while others are taken as t1 = −xt2 and
γ2 = xγ1 to simulate the asymmetry between the two
helical chains. The remaining parameters are chosen as
N = 30, θ = 0.66 rad, and ∆ϕ = π/5, resembling the
B-form dsDNA molecule. Notice that the asymmetry pa-
rameter x is included in an inverse way between the intra-
chain hopping integrals and the SOCs. This parametriza-
tion was demonstrated as the favorable situation to ob-
tain large spin polarization.9
The remaining Hamiltonian Hec = H
(D,J)
e +Hc splits
into the Hamiltonian of the left and right nonmagnetic
electrodes H
(D,J)
e and the Hamiltonian Hc for the cou-
pling between the molecule and the electrodes. Here,
D denotes the number of legs of the electrodes, while J
refers to the number of electrodes connected to each end
3of the molecule. The Hamiltonians H
(D,J)
e and Hc de-
pend on the particular realization of the electrodes and
the connection between the molecule and the electrodes,
which has an enormous impact on the spin transport
along the DH molecule as discussed below.
Spin transport will be studied by considering the
Landauer-Bu¨ttiker formalism. Thus, the conductance
with spin s =↑, ↓ in the right electrode is30
Gs =
e2
h
Tr
[
ΓRsG
r
ΓLG
a
]
. (2)
Here, Γℓ = i(Σ
r
ℓ −Σ
a
ℓ), with ℓ = L,Rs, is the linewidth
function, Gr = (Ga)† = (EI−Hm−Σ
r
L−Σ
r
R↑−Σ
r
R↓)
−1
is the Green’s function, Σrℓ is the retarded self-energy due
to the coupling to the left or right electrode. Then, the
spin polarization is defined as
PS = (G↑ −G↓)/(G↑ +G↓) , (3)
which is the physical quantity of interest hereafter.
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FIG. 1. (Color online) (a)–(d) Schematic views of various
two-terminal DH molecular devices coupled to 1D electrodes.
Each circle denotes an atom or an atomic cluster, with the
black (red) ones assembling the first (second) helical chain.
In these figures, although the electrodes locate on the bottom
and top sides of the DH molecule, we still call them the left
and right electrodes, respectively, in the text. (e)–(h) Energy-
dependent spin-up conductance G↑ and (i) spin polarization
PS with x = 1.4.
III. TWO-TERMINAL SET-UP WITH 1D
ELECTRODES
Figures 1(a) and 1(b)–1(d) show the two-terminal DH
molecular devices coupled to the 1D normal metal elec-
trodes in continuous and discrete forms, respectively. In
the following, each molecular device will be named by
the number and label of the figure where it is represented,
e.g., the molecular device in Fig. 1(a) is denoted as model
1a. The Hamiltonian for the discrete electrodes is written
in real space as
H(1,1)e =
−1∑
n=−∞
t0a
†
nan+1 +
+∞∑
n=N+1
t0a
†
nan+1 +H.c. , (4)
which represents the 1D semi-infinite electrodes with the
on-site energy being zero and the hopping integral t0. In
continuous case 1a, we resort to the momentum space
representation5
H(1a)ec =
∑
k,β=L,R
[
εβka
†
βkaβk + tβa
†
βk(c1nβ + c2nβ ) + H.c.
]
,
(5)
where a†βk = (a
†
βk↑, a
†
βk↓) is the creation operator of mode
k in electrode β, tβ is the coupling between the molecule
and the left/right electrode, nL = 1, and nR = N . Both
helical chains are attached to the left (right) electrode
at sites {1, 1} and {2, 1} ({1, N} and {2, N}). In the
numerical calculations, the linewidth functions are as-
sumed to be energy-independent (wide-band limit) and
set to Γβ = 2πρβt
2
β = 1, where ρβ refers to the density
of states of the electrodes.5
In all three discrete models 1b–1d, the Hamiltonian
H
(1,1)
e is given by Eq. (4). However, different sites of the
DH molecule are attached to the electrodes in these mod-
els: In 1b, both strands are coupled to the electrodes; in
1c every single chain is attached to one of the two elec-
trodes (sites {1, 1} and {2, N} are coupled to the left and
right electrodes, respectively); in 1d the first helical chain
is attached to both electrodes, namely at sites {1, 1} and
{1, N − 1}. The coupling Hamiltonians for each model
read
H(1b)c = tLa
†
0(c11 + c21) + tRa
†
N+1(c1N + c2N ) + H.c. ,
H(1c)c = tLa
†
0c11 + tRa
†
N+1c2N +H.c. ,
H(1d)c = tLa
†
0c11 + tRa
†
N+1c1N−1 +H.c. . (6)
In this situation, the retarded self-energy can be cal-
culated numerically31 and the parameters are taken as
t0 = 2 eV and tL = tR = 0.3 eV hereafter.
Figures 1(e)–1(h) plot the spin-up conductance G↑ for
models 1a–1d, respectively, with the asymmetry parame-
ter x = 1.4. Although all these molecular devices possess
distinct contact configurations, the transmission spec-
tra always consist of two subbands separated by a well-
defined band gap. Although we are considering single-
electron physics here, we use the conventional labeling
4and refer to these bands as the highest occupied molec-
ular orbital (HOMO) band and the lowest unoccupied
molecular orbital (LUMO) band, respectively. In both
bands, due to the SOC effects, the energy region close
to the gap presents a higher density of the transmis-
sion peaks. However, the conductance is very sensitive
to the contact configuration. If both helical chains are
connected to the electrodes, resonant states with G↑ = 1
are found in the whole range of the bands in the energy
spectrum [Figs. 1(e) and 1(f)], while if only a single site of
the molecule is attached to each electrode, the resonant
states are considerably suppressed [Figs. 1(g) and 1(h)].
In all four cases, the conductance G↑ is equal to G↓. As
indicated in Fig. 1(i), the corresponding spin polariza-
tion PS is exactly zero for all the two-terminal molecular
devices connected to the 1D electrodes, regardless of the
particular way the molecule coupled to the electrodes and
the asymmetry between the two helical chains. This be-
havior is related to the time-reversal symmetry and the
phase-locking effect in two-terminal devices.32,33
As shown in Ref. 5, additional dephasing is necessary
to yield nonzero spin polarization in this situation. When
an electron is transmitted through the molecular system,
it may experience inelastic scattering events, which lead
to the loss of phase memory, and can be simulated by
attaching each site of the molecule to a Bu¨ttiker’s vir-
tual electrode. As a result, the two-terminal devices are
naturally switched into multi-terminal devices. In other
words, the dephasing promotes the openness of the two-
terminal devices and induces the spin-filtering effects.5
Actually, the Bu¨ttiker’s virtual electrode is similar to the
real one, because their Hamiltonians are identical to each
other. However, with Bu¨ttiker’s probes zero current flow
must be enforced through them in order to have cur-
rent conservation, because the probes are not necessarily
physical terminals but mathematical artefacts to induce
dephasing.34 Hence, one may expect that nonzero spin
polarization could be observed in the DH molecular de-
vices when the virtual electrode is replaced by the real
one, which will be investigated in the following sections.
IV. MULTI-TERMINAL SET-UP WITH 1D
ELECTRODES
We consider now multi-terminal molecular devices by
connecting the DNA molecule to several 1D semi-infinite
electrodes. Figure 2(a) shows the four-terminal molecu-
lar device where each of the two helical strands is con-
nected to a separate electrode at each end; Fig. 2(b)
sketches the eight-terminal molecular device where the
first and last two sites of each strand are connected to
separate electrodes. In this situation, the Hamiltonians
for the electrodes in models 2a and 2b consist of J = 2, 4
copies of the electrode Hamiltonian (4), respectively, and
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FIG. 2. (Color online) (a)–(b) Schematic views of the multi-
terminal molecular devices. (c) Energy-dependent G↑ for
model 2a and (d) PS for models 2a and 2b with various asym-
metries.
read
H(1,J)e =
J∑
j=1
( −1∑
n=−∞
t0a
†
jnajn+1
+
+∞∑
n=N+1
t0a
†
jnajn+1 +H.c.
)
. (7)
As indicated in Figs. 2(a) and 2(b), the coupling Hamil-
tonian Hc is given as
H(2a)c =
2∑
j=1
(tLa
†
j0cj1 + tRa
†
j,N+1c3−j,N +H.c.) , (8a)
H(2b)c =
2∑
j=1
[
tR(a
†
j,N+1c2,N−2+j + a
†
j+2,N+1c1,N+1−j)
+ tL(a
†
j0c1,3−j + a
†
2+j,0c2j) + H.c.
]
. (8b)
Figure 2(c) plots the spin-up conductanceG↑ for model
2a with different asymmetries. It can be seen that the
transmission spectra are also composed of the HOMO
and LUMO bands for all investigated values of x, and
the spin-up conductance exhibits several resonant peaks
of G↑ = 1. If the asymmetry factor x becomes larger, the
hopping integral along the first helical chain is increased
and thus, the bandwidth of the HOMO band broadens.
This leads to the shift of the LUMO band toward higher
energies, owing to the repulsion effects between the two
helical chains. Besides, one notices that the spin-up con-
ductance in the LUMO band can be greater than e2/h
because the system is multi-terminal and its maximum
increases with x.
5Figure 2(d) shows the corresponding PS for both the
four-terminal molecular device (solid lines) and the eight-
terminal one (dotted lines) with various asymmetries.
We can see that PS becomes nonzero in the multi-
terminal molecular devices, irrespective of the asymme-
tries we introduced between the two helical chains. In
fact, in the multi-terminal set-up, the extra terminals
can play similar role as the Bu¨ttiker’s virtual electrode
which can cause dephasing. PS is positive (negative)
in the LUMO (HOMO) band. Furthermore, the mag-
nitude of PS, as well as the energy region of nonzero PS,
could be significantly increased for both the four-terminal
and eight-terminal molecular devices by increasing the
asymmetry between the two helical chains. Besides, the
spin polarization of the eight-terminal molecular device
is larger than that of the four-terminal one [see the solid
and dotted lines with identical color of Fig. 2(d)], because
the spin-filtering effects are enhanced when the system
becomes more open.
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FIG. 3. (Color online) PS for models 3a and 3b with different
asymmetries. The inset shows the sketch of the corresponding
molecular devices connected to two finite-width electrodes.
V. TWO-TERMINAL SET-UP WITH
FINITE-WIDTH ELECTRODES
We then investigate the spin transport along two-
terminal molecular devices coupled to finite-width elec-
trodes. The insets (a) and (b) of Fig. 3 sketch the two-
leg ladder electrodes and the four-leg ladder ones, respec-
tively, with several sites of the DH molecule connected to
each electrode. Here, the electrode Hamiltonian H
(D,J)
e
is
H(D,1)e =
D∑
j=1
( −1∑
n=−∞
t0a
†
jnajn+1
+
+∞∑
n=N+1
t0a
†
jnajn+1 +H.c.
)
+
D−1∑
j=1
( 0∑
n=−∞
λ0a
†
jnaj+1n
+
+∞∑
n=N+1
λ0a
†
jnaj+1n +H.c.
)
, (9)
with D = 2 and 4 for models 3a and 3b, respectively.
The interchain hopping integral in the electrode region is
considered as λ0 = t0.
Although both models 3a and 3b are two-terminal sys-
tems, they are obviously more open than models 1a-1d,
because more than one site of the molecule is attached to
different sites of each electrode in models 3a and 3b. In
fact, the connection between the molecule and the elec-
trodes of model 3a (3b) is the same as model 2a (2b),
H
(3a)
c = H
(2a)
c and H
(3b)
c = H
(2b)
c . Accordingly, for both
models 3a and 3b nonzero PS can be observed in these
two systems, as illustrated in the main frame of Fig. 3.
Similarly, the spin-filtering effects could be enhanced by
increasing x for both models. Since the number of sites
connected to each electrode in model 3b is twice as much
as in model 3a, the spin filter efficiency of the former
model is greater than the latter one.
In order to further demonstrate the role of the asym-
metry on the spin transport along the molecular systems,
Fig. 4 plots the averaged spin polarization 〈PS〉 versus x
with various contact configurations. Here, the averaged
spin polarization is defined as
〈PS〉 =
1
Ω
∫
Ω
PSdE, (10)
with Ω being the energy range of the LUMO band. It
can be seen from Fig. 4 that the dependence of 〈PS〉 on
x is not monotonic. 〈PS〉 increases with x in the range
1 ≤ x . 2.5 and is then declined by further increasing
x. This behavior is related to the intrinsic effects of the
DH molecule itself and does not depend upon the partic-
ular contact configuration at all. When x is sufficiently
large, the hopping integral of the first helical chain is
much larger than that of the second one and the electron
will be preferentially transmitted along the first helical
chain. This is the intermediate status between the spin
transport in the DH molecule and in the single-helical
molecule. Since an undistorted ssDNA cannot behave as
a spin filter,1,2,5 the spin polarization will decrease with
increasing x in the regime of large x.
One may notice that the magnitude of 〈PS〉 strongly
depends on the contact configurations. Indeed, it is de-
termined by both the type of real electrodes and the con-
nection between the molecule and the electrodes. On the
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FIG. 4. (Color online) Averaged spin polarization 〈PS〉 for
the molecular devices with various contact configurations, as
a function of the asymmetric parameter x.
one hand, since the number of sites connected to each
electrode for models 2b and 3b is twice as large as that for
models 2a and 3a, the former two models are more open
and exhibit higher PS (see the dashed and dash-dotted
lines in Fig. 4). On the other hand, model 2a (2b) is
switched into model 3a (3b) by coupling two neighboring
1D electrodes with the hopping integral λ0 [see Eq. (9)]
and the multi-terminal devices are changed into the two-
terminal ones simultaneously. As a result, the openness
of the systems is decreased. This can also be understood
as follows if we consider models 2a and 3a as an example.
In the absence of λ0, the two 1D electrodes are separated
from each other and the mode number in the electrode
region is 2 for model 2a, disregarding the spin degree of
freedom. While in the presence of λ0, the 1D electrodes
are combined together as a whole and the correspond-
ing effective mode number is reduced to 1 when they are
coupled to each other extremely tightly with λ0 > 2t0.
In the moderate range of λ0 ∈ (0, 2t0), e.g., λ0 = t0 in
model 3a, the effective mode number can be 1 or 2 at
different energy regions. Similar arguments can be dis-
cussed between models 2b and 3b. Accordingly, the spin
polarization of model 2a (2b) is higher than model 3a
(3b). From the above two points, model 2b possesses the
largest 〈PS〉 (see the dashed line in Fig. 4) and model 3a
has the smallest 〈PS〉 (see the dotted line in Fig. 4).
VI. FINITE-WIDTH ELECTRODES WITH
BOTTLENECK
Finally, we consider other two-terminal molecular de-
vices with the single site {1, 1} ({2, N}) connected to the
left (right) finite-width electrode, as illustrated in the in-
sets (a) and (b) of Fig. 5. This contact over a single site is
a bottleneck in a system of otherwise finite width. These
contact configurations are closest to the experiments of
the second category discussed in the introduction and
the experiment by Xie et al.2 The electrodes of model 5a
(5b) are the same as those of model 3a (3b). Thus, the
electrode Hamiltonian H
(D,J)
e is identical to H
(D,1)
e given
in (9). The coupling Hamiltonian Hc for models 5a and
5b is
H(5a)c = tLa
†
10c11 + tRa
†
1N+1c2N +H.c. , (11a)
H(5b)c = tLa
†
20c11 + tRa
†
2N+1c2N +H.c. . (11b)
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FIG. 5. (Color online) Main frame: PS for models 5a and
5b with x = 1.4. The insets (a) and (b) display the two-
terminal molecular devices with only single site connected to
each finite-width electrode. The inset (c) shows G↑ for models
5a and 5b, and also for model 1c as a comparison.
It can be seen from the inset (c) of Fig. 5 that al-
though the conductance profiles of models 1c, 5a, and 5b
are similar, the magnitude of G↑, especially in the en-
ergy regions closest to the band gap, is different among
the three devices. This is attributed to the quantum in-
terference effects at the interface between the molecule
and the electrodes. Since the electrode width is different
for models 1c, 5a, and 5b, the injection (ejection) mode
is distinct and the conductance will be changed from one
device to another. However, no spin polarization could
appear in models 5a and 5b (see the main frame of Fig. 5),
identical to that observed in model 1c. The physics here
is totally different from models 3a and 3b, although the
only difference between models 5a (5b) and 3a (3b) is
that in the former case only single site of the molecule is
attached to each electrode.
VII. CONCLUSIONS
In summary, we have studied the spin transport along
a double-helical molecule by considering various contact
configurations in a completely coherent charge transport
regime. We find that the conductance and the spin po-
larization strongly depend upon the contact configura-
tions for the coherent transport case. No spin polariza-
tion emerges in the two-terminal set-up when they are
coupled to the 1D electrodes or if there is a bottleneck
of only one site connecting the molecule to finite-width
electrodes. In this case, additional dephasing is necessary
to support spin-filtering effects.5 In contrast, the spin
polarization appears in the multi-terminal set-up or the
two-terminal one with more than one site of the molecule
7connected to each finite-width electrode, because in the
multi-terminal devices the extra terminals can play sim-
ilar role as the Bu¨ttiker’s virtual electrode, which can
cause dephasing. This effect could be further enhanced
by increasing the asymmetry between the two helical
chains of the molecule, a result related to that found in
Ref. 9 for a different model, where spin transport through
two transport channels on a single helix was studied. The
results obtained in the present work are general for any
double-helical molecule and reveal that the spin-selective
effects could be observed in double-helical molecular de-
vices at low temperature without dephasing by properly
tuning the electrode number and the connection between
the molecule and the electrodes.
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